evaluated, since there is a general agreement that incisors are more subject to root resorption than other teeth (Sjölien and Zachrisson, 1973; Newman, 1975; Hollender et al., 1980; Kennedy et al., 1983; Copeland and Green, 1986; Dermaut and DeMunck, 1986; Proffit, 1986) .
The purposes of this study were to determine the incidence and degree of root resorption during orthodontic treatment, to investigate the relationship between the amount of tooth movement and root resorption, and to evaluate the effect of treatment time on apical root resorption.
Subjects and methods
The radiographs of 54 subjects were selected from the files of the orthodontic department at Hacettepe University Faculty of Dentistry. The cases fulfilled the following criteria:
1. Clear pre-and post-treatment standardized lateral cephalometric films with visible upper incisor root apex and incisal tip. 2. The presence of all incisors with no evidence or history of trauma to the anterior teeth. 3. No alteration of the incisal edges during orthodontic treatment. 4. All subjects treated by extraction of four first premolars and fixed appliance therapy. An edgewise full-banded appliance with a 0.018 × 0.025-inch slot was used in each treated case. 5. Two groups each containing 27 patients (16 girls and 11 boys) were established: one with Class I anterior crowding and the other Class II division 1 patients with a large overjet in the full permanent dentition.
The average ages at the start of treatment were 12.54 ± 1.88 years for the Class I treatment group and 13.61 ± 2.51 years for the Class II division 1 group.
The following measurements were made on the pre-and post-treatment cephalograms (Figure 1 ).
Vertical movement of the upper central incisor
was determined by measuring the perpendicular distance from the incisal tip of the upper central incisor to the palatal plane (U1-pal, mm). Tooth length was measured directly on cephalograms as described by Copeland and Green (1986) . The apex and incisal edges of the maxillary incisors were marked on acetate paper with a pinprick. The pinpricks were circled in pencil for easier location and the distance between the two marks was measured with a Helios calliper (GanzGehärtet, Germany; Figure 2 ) to the nearest 0.02 mm. Root shortening was defined as any reduction in the length of a maxillary central incisor measured from the tip of the incisal edge to the apex of the root. The pre-and post-treatment tooth lengths were recorded for each patient. The amount of apical root resorption was determined for each patient by subtracting the posttreatment length from the pre-treatment length.
Inclination of the upper incisor

Statistical analysis
The Student's t-test was used to compare the means of the pre-and post-treatment measurements, and the Mann-Whitney U-test to determine inter-group differences. Correlations with the other parameters were calculated with Pearson's correlation coefficient.
The pre-and post-treatment tooth length measurements were made by one author, and pre-and post-treatment incisor movement by a second author in order to eliminate interexaminer variability. Intra-examiner variability was tested by remeasuring 25 per cent of the radiographs chosen at random at least 1 week after the first recording. The means of the initial tracings and duplicate measurements were compared to determine the reliability of the procedure. No statistically significant difference was found between the means of the two measurements (Wilcoxon test, P > 0.05). Tables 1 and 2 show the pre-and post-treatment measurements for the Class I and Class II division 1 treatment groups. Tooth length decreased significantly in both groups (P < 0.01 and P < 0.001, respectively). Upper incisor to palatal plane distance increased significantly in the Class I treatment group (P < 0.05), but did not change significantly in the Class II division 1 group. In the Class I group, upper incisor inclination to FH plane did not change significantly, whereas upper incisor to AP plane angle and U1-AP plane distance significantly decreased (P < 0.05 and P < 0.01, respectively). U1incisal-PTV (mm) and U1apical-PTV (mm) did not change during orthodontic therapy. In the Class II division 1 group, the angular and linear measurements that show the inclination of the upper central incisor, U1-FH (degrees), U1-AP (degrees), U1-AP (mm), U1-PTV (mm) decreased (P < 0.001), whereas upper incisor apical to PTV distance did not change significantly during orthodontic therapy. Table 3 shows the comparison of the mean differences in the Class I and Class II division 1 treatment groups. The mean root resorption was 0.98 ± 1.78 mm in the Class I group. Root shortening was more pronounced with a mean resorption of 2.08 ± 1.60 mm in the Class II division 1 group. Vertical movement of the upper central incisor did not change significantly between the groups. In the Class II division 1 group the upper incisors moved lingually with no change in the position of the apices compared with the Class I group. Correlation coefficients between root shortening and tooth inclination, and vertical movement of the incisor tooth were not significant.
Results
The duration of active treatment was 22.3 ± 7.6 months in the Class I treatment group and 28.1 ± 9.0 in the Class II division 1 treatment group. Although the duration of active orthodontic treatment was longer in Class II division 1 group, it was not found to be correlated with the amount of root resorption. 
Discussion
The method used in this study to measure the amount of apical root resorption has been described by Copeland and Green (1986) . Duplicate measurements revealed that the technique was very reliable. In the Class I treatment group, three subjects had a root elongation >1 mm. The average age of this group was 12.5 years at the start of treatment and some residual growth might have taken place. Although most of the upper incisor roots are fully developed after 11 years of age (Linge and Linge, 1983 ), incidents of growth followed by resorption are still possible in this age group (Linge and Linge, 1991) .
Root resorption was evident in both the Class I and Class II malocclusion groups in this investigation. This is in agreement with the results of Sjölien and Zachrisson (1973) , Goldson and Henrikson (1975) , and Sharpe et al. (1987) , who reported apical root resorption following orthodontic treatment with premolar extractions. Mean root resorption measurements in this study were approximately 1 mm for the Class I treatment 494 T. TANER ET AL. Mirabella and Årtun (1995b) an average of 0.94 mm. The upper central incisors in the Class II division 1 treatment group showed more apical root resorption compared with the Class I treatment group in this study. VonderAhe (1973) , however, found approximately the same amount of root resorption in both Class I and Class II subjects. The amount and type of tooth movement have been suggested to be related to root resorption (Reitan, 1974; DeShields, 1969) . In this study, the upper central incisors were inclined lingually in the Class II division 1 group. Thus, overjet was corrected with controlled tipping of the upper incisors with no change in the apex position. Recently, overjet correction has been considered to be a risk factor for apical root resorption (Linge and Linge, 1991) . However, the controlled tipping type of root movement was not found to be related to the amount of root shortening observed in this investigation. McFadden et al. (1989) also observed no relationship between changes in upper incisor angulation and root shortening.
Intrusion of teeth is reported to be associated with the risk of root resorption (Reitan, 1974; Harry and Sims, 1982; Dermaut and DeMunck, 1986) . The amount of tooth movement in the vertical plane was small in our sample. The maxillary central incisors were slightly extruded in the Class I malocclusion group showing a mean of 0.59 mm and in the Class II group a mean of 0.8 mm. The extrusion of these teeth probably occurred as a result of continuing growth during treatment as in the samples of McFadden et al. (1989) , and Kaley and Phillips (1991) . In this study, root shortening was not found to be correlated with the amount of vertical movement of the upper incisors. This result confirms the findings of McFadden et al. (1989) , and Kaley and Phillips (1991) who found little, if any, relationship between intrusion and root shortening.
It is controversial whether prolonged treatment time is a risk factor for apical root resorption (VonderAhe, 1973; Dermaut and DeMunck, 1986; McFadden et al., 1989) . DeShields (1969) and McFadden et al. (1989) reported that overall treatment time was significantly related to the degree of root shortening. Graber and Vanarsdall (1994) stated that the periodontal fibres surrounding the apical portion of the roots will become gradually more compressed or stretched with time, and if pressure is then exerted against any existing resorbed root areas, this may accelerate root resorption. Duration of active treatment time was slightly longer in the Class II division 1 group of this study, but no significant correlation was found between the duration of orthodontic treatment and apical root resorption. This is in agreement with the findings of VonderAhe (1973) and Dermaut and DeMunck (1986) . More root resorption occurred in the Class II division 1 group in this study, but the amount was not found to be related to the degree of tooth movement or treatment time. This may be due to the relatively small amount of tooth movement measured in these patients. Harris and Butler (1992) stated that in malocclusions that require greatest orthodontic correction, the expected amount of root resorption is greater. Accordingly, care should be taken when treating severe malocclusions that require extensive tooth movement to minimize the risk of apical root resorption.
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